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Introduction
The discussions about UL based mobility in RRC_INACTIVE state has been continued through the last meetings. Several papers [1, 3, 4] have described UL based mobility procedures in RRC_INACTIVE for different applicable mobility scenarios, including at least LF UDN [3], HF UDN [4], and high-speed UE traversing macro-cells [1], but in this Tdoc we will describe only the most basic common procedures. Also refer to our companion contribution [2] for performance comparison of RRC_INACTIVE state UL and DL mobility. 
Discussion
In previous contributions [3, 4] we have discussed a possibility for UL-based mobility in RRC_INACTIVE, relying on the following principles:
-	UE maintains downlink synchronization by monitoring a DL synchronization signal, which could be cell specific (PSS/SSS) or cover more than one cell (a DL signal covering a number of synchronized cells); 
Uplink synchronization is assumed within some tolerance; 
-	The UE transmits an uplink reference signal:
-	The transmission can be based on some configuration given by the network, 	e.g., time/frequency/spatial  and code signature that allows the network to identify the UE at least within the region;
 -	The UL synchronization can be obtained with surrounding TRPs detecting the UL RS either before or after DL synchronization.
-	The UE does not make any neighbour cell measurement;
-	The network measures the UE at various TRPs and determines which one(s) best serve the UE;
-	The network may transmit a response to acknowledge reception of the UE uplink RS if needed, e.g., for the UE to verify it is still connected to the network. The response could be an explicit ACK message, a regular paging, or implicitly as some downlink reference signal or RRC message to update the UE configuration. 
The above summarizes some basic requirements to prevent future mobility study in RAN2 and RAN1 from losing forward compatibility with UL based mobility in RRC_INACTIVE state, given the parallel DL based mobility enhancement.
Signalling and procedures for mobility 
UL based mobility operation
Assume UL mobility is adopted for inter-gNB mobility. When a UE in RRC_INACTIVE state moves between TRPs that belong to different gNBs on the same frequency, the UL based mobility can potentially handle this without RRC reconfiguration. Since the UE ID is defined by each gNB, the source gNB will send a limited information about the currently used UE ID and if there is no collision in the target gNB the UE could maintain its ID and continue on without any reconfiguration. If the UE ID or UL resources are being used in the target gNB, an RRC reconfiguration is sent to the UE. In case the source gNB is handling multiple TRPs, it can determine through UL reference signal measurements that the UE is approaching another gNB and proactively send the information about the UE to that target gNB. When a TRP reports a UE to the gNB that the received UL reference signal is below a certain level for a consecutive number of occasions, the TRP can be removed from the serving list of the UE, where the list contains the set of UE IDs and/or UL RS sequences/codes against which the TRP needs to correlate in order to identify the UL reference signal.


Figure 1: Inter-gNB mobility signalling including RRC reconfiguration

Figure 1 summarizes the following steps of operations during the inter-gNB UL mobility process.
Step 1: UE sends the UL RS according to the configuration of source gNB. Detailed configuration for FFS, depending on concrete RRC_INACTIVE process (e.g., transition to RRC_ACTIVE or not, TA and paging process) being defined in RAN2 and RAN1.
Step 2: Source gNB sends a request to target gNB for measurement including the UE ID used for the UE.
Step 3: The target gNB acknowledges the measurement request and potentially suggests a new UE ID to be used in case of risk for collision of IDs.
Step 4: UE sends to the source gNB the UL RS according the configuration of source gNB, e.g., for real-time update of its beam, location, and transmission power, etc.
Step 5: If needed, the source gNB also sends UE the information of  new UE ID, UL RS format, transmission resources and timers to be used with the target gNB.
Step 6: UE sends to source and target gNB UL RS according the (new) configuration of source gNB. Note that this signal may not reach target gNB during the handover.
Step 7: UE may repeat this process according the (new) configuration of source gNB, e.g., for beam sweeping or beam refinement, etc..
Step 8: The target gNB informs the source gNB when the UE has been detected reliably (e.g., with signal quality above certain threshold),
Step 9: UE sends more UL RS according to the (new) configuration of source gNB, e.g., to achieve beam alignment with the target or to maintain the connection .
Step 10: Source gNB forwards the complete UE context.
Step 11: Target gNB confirms the reception of the UE context.
Step 12: UE sends more UL RS according the (new) configuration of source gNB.
NOTE: The order of the steps of the UL RS transmissions (step 1, 4, 6, 7, 9 and 12) are not critical to the mobility performance and are added for completeness. The repetitive transmissions of UL RS in those steps are done only based on network configuration (before Step 1 or at Step 5), or upon needs (when UE sees no response from network, or when UE prefer a repetition for better reliability or faster beam alignments).

Switching between UL and DL based mobility
For either RRC_CONNECTED in [5] or RRC_INACTIVE state [1, 2, 3, 4], UL based mobility has been shown to be beneficial in a number of scenarios, but not necessarily in all scenarios. With respect to both forward and backward compatibility, we foresee a future network that will support both UL and DL based mobility in hybrid, or can turn either one ON/OFF based on scenarios and benefits. It is important to have a simple mechanism to reconfigure the mobility methods of the UE. 
In case the source gNB determines to use DL based mobility for a UE, the UE would be configured by the gNB to initiate DL based mobility only, where the UE measures the neighbour gNBs and determine which cell to camp on. The UE could stay in RRC_INACTIVE state in the DL based mobility area, but there is a need for configuring the UE with the necessary information about the area. The same thing applies if the gNB decides to change to UL based mobility. Such change can be UE-specific, or consistent for the whole gNB coverage areas. Details are FFS.


Figure 2: Switching from UL based to DL based mobility by configuration

Figure 2 summarizes the steps to enable the UE switching from UL to DL based mobility:
Step 1: UE sends the UL RS according the configuration of source gNB. Depending on concrete design, UE may or may not have achieved DL synchronization with the gNB, but UE and gNB are assumed to be beam aligned (if needed).
Step 2: gNB determines the UE to be switched to DL based mobility, e.g., based on UL measurements, current scenarios, or policy.
Step 3: UE sends the UL RS according the configuration during its “wake up” period.
Step 4: gNB sends the RRC reconfiguration to UE for RRC_INACTIVE DL configuration, e.g., about the timing and resource for gNB to renew its DL RS and UE to stop transmitting UL RS.
Step 5: UE sends an acknowledgement of the reconfiguration of gNB.
Step 6: The gNB sends DL RS as usual or configured,
Step 7: UE makes measurements on the received signals.
Step 8: UE compares the measurements and potentially decides whichcell to camp on.
Step 9: The newly selected (camped) gNB sends a RAN paging to the UE.
Step 10: UE responds to the paging by initiating a RACH procedure.
Step 11: gNB sends a new RRC_INACTIVE state configuration message to the UE, including UL RS configuration information about UE ID, transmission resources and timers.
Step 12: UE switches back to UL mobility with the newly selected gNB by renewing the UL RS according the new configuration of gNB.
Wake up out of coverage
Now let’s see some error scenarios during RRC_INACTIVE state. Since the UE in RRC_INACTIVE state could be asleep for a longer period of time, it is important that it can obtain DL synchronization with the network when waking up for a UL RS transmission. Due to the longer sleeping periods, or misaligned beam pairs between UE and its serving TRPs/gNB, there is a risk that the UE has moved out of coverage when waking up.. 
In case the UE cannot read the DL synchronization signal when waking up, suppose it always switches from the UL to DL mobility, it would be required that the UE must stop sending the UL RS automatically, since the transmissions could cause interference to others for specific scenarios (e.g., when UL RS is always sent by following scheduled resources with tight timing constrains.). . 


Figure 3: Change from UL based to DL based mobility
For such a scenario, the procedure for the UE and the network is shown in Figure 2 and summarized below:
Step 1: UE wakes up from sleep.
Step 2: gNB sends DL synchronization signals that the UE cannot detect.
Step 3: After a period of time without finding the synchronization signal the UE determine a RLF to have occurred, and stops transmitting UL RS automatically (if UE has not switched to DL mobility yet).
Step 4: The UE moves to IDLE state or initiates re-establishment procedure.
Step 5: The gNB knows when in time and resource the UE is expected to send the UL RS, but fails to detect the signal.
Step 6: After a number of failed attempts to detect the UE’s UL RS it can either initiate (a) RAN paging or (b) Consider the UE to be in IDLE state,
Lost network feedback
There is another error case would require a UE procedural description, e.g., when the network response to UL RS (if expected) is not received by the UE. The reason for not receiving the response could either be due to missed uplink signals or missed downlink signal. The most probable scenario is that the network for some reason does not receive the UL RS from the UE and the procedure for handling this situation is shown in Figure 4 with steps summarized below.


Figure 4: Change from UL based to DL based mobility
Step 1: UE wakes up from sleep.
Step 2: gNB sends DL synchronization signal that the UE receives correctly.
Step 3: The UE sends the UL RS according the configuration, but the gNB does not receive it, e.g., when the scheduled UL resource or beam pairs for transmitting/receiving the UL RS become misaligned.
Step 4: The UE looks for a network feedback (supposedly as expected), but since the gNB did not receive the UL RS nothing is sent.
Step 5: The UE continues to send the UL RS according to the configuration.
Step 6: The UE looks for a network feedback, but since the gNB did not receive the UL RS nothing is sent.
Step 7: After a number of failed attempts to detect the network feedback, the UE initiates a regular RA procedure to notify the network with a re-establishment cause.
Step 8: If the connection to the UE can be successfully restored, the network can send a new RRC reconfiguration message to the UE with a new RRC_INACTIVE state configuration. (If the RACH procedure fails, the process shown in Figure 3 is invoked.)
Step 9: The UE sends the UL RS according to the new configuration.
Conclusion
In this document we have described common basic procedures for different scenarios about when or how the UL based mobility could be handled for RRC_INACTIVE.
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